This paper presents a technique for the generation and optimization of truss structure topologies based on the shape annealing algorithm. Feasible topologies for the truss are generated through a shape grammar, in an optimally directed manner, using simulated annealing. The algorithm can incorporate stress and buckling constraints as well as assembly and manufacturing constraints, during design topology generation.
Introduction:
The advent of computer methods of analysis and design have propelled intensive research in the field of structural optimization for the last three decades. The optimization problem is to minimize an objective function, such as weight or cost, subject to structural constraints such as stress constraints , displacement constraints and geometric constraints such as the location of the load, anchor points and obstacles. The method for solving this problem usually consists of the following steps: 1) Derive a topology for the structure. Step 2, shape optimization of a given topology, is rather well understood although not necessarily easy.
Step 1, the generation of the actual topology, is a difficult problem with little previous research; much previous work has used empirical knowledge. This paper will focus on step 1, the design of truss structure topologies. In particular, we propose a rigorous way of generating optimally directed truss topologies. If the evaluation of the topology generated, current design, is less than that of the present design in the shape space then we accept it to be our new design in shape space. If the evaluation is higher then we accept it based on the probability function defined by the annealing temperature. The probability of accepting a design with higher evaluation decreases with reducing temperature as dictated by simulated annealing. Next, the design is routed back to the select and apply shape rule block in Figure 4 . This loop is executed until convergence is achieved or until the temperature reduces to zero. The design to which the algorithm has converged or the best design produced during the annealing process is taken as the optimally directed design for the given set of forces and anchor points.
Related

Examples:
We have applied shape annealing to two problems illustrating different advantages of the algorithm. In the first example we verify the results of the shape annealing algorithm with results from the literature. In the second, we demonstrate the algorithm's ability to generate alternative superior concepts to those previously considered. Both examples seek to find a topology with minimum weight.
Example 1:
For the specifications as shown in Figure 6a , Papalambros, et al. 9 [1990] generated an optimal truss, Figure 6c , using their homogenization method. The shape annealing method was applied to the same set of load and anchor points, the resulting structure generated is shown in 
Conclusions:
Historically the bottleneck of truss structural design has been the problem of choosing a topology for the structure before its being optimized. In this paper an evolutionary design process, shape annealing, is proposed to generate and optimize truss structural topologies.
This method can also be extended to include design of other structures. 
